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Both study areas were heavily grazed livestock pastures with >3 breeding pairs of owls. Study area A was centered on a 32-ha pasture near Ardath, Saskatchewan. Study area B was centered on a 65-ha pasture near Bounty, Saskatchewan. The land surrounding both study areas was a mixture of fallow, cereal crops, and pasture. All nesting burrows were excavated by badgers (Taxidea taxus), and burrow availability did not appear to limit production. A survey conducted in 1981 assessed the availability and use of satellite burrows around 27 nest burrows and found a mean of 6 available burrows within a 30-m radius of the existing nest burrows (Haug 1985) .
METHODS AND DEFINITIONS
Field work was conducted from May to September 1982 and 1983. Each nesting area was systematically searched on foot to count the number of breeding pairs and to locate their nest burrows.
During late May and early June of both years we attempted to capture all adult owls at the 2 telemetry study areas for radiotagging and/or colormarking for individual recognition. Adults were captured using padded steel leg-hold traps (no. zero) buried at burrow entrances. Owls were weighed, measured, sexed by presence or absence of a brood patch, banded with a U.S. Fish and Wildlife Service aluminum leg band and colormarked with plastic leg jesses (F. Hamerstrom, Univ. of Wisconsin, pers. commun.). Nine male owls were radiotagged over the 2-year study period. Transmitter packages weighed 8-9 g and were modified (Haug 1985 ) from a poncho design used with sharp-tailed grouse (Tympanuchus phasianellus) (Amstrup 1980 ). Transmitters operated from 10 to 74 days. All were collars sewn with cotton thread and were designed to "break away." Should attempts to retrap an owl and remove its collar be unsuccessful, the cotton thread would rot and the collar would fall off within a few months.
A receiver and 1 5-element Yagi or 2 5-element Yagi antennas mounted in null-peak configuration on a cartop carrier were used to monitor radio-tagged owls. Vehicle access in and around the study area allowed for 95% of the bearings to be determined from a distance of <0.8 km. This system was tested for accuracy at varying distances with stationary transmitters and telemetry checks of stationary owls during daylight. At a distance of 0.8 km, accuracy of bearings was within 20. Radio signal strength and direction were compared between stationary and flying owls to verify signal changes created by movements and flight.
Radio-telemetry studies were conducted from 13 June to 27 August 1982 and from 6 June to 8 July 1983. Adult male burrowing owls were visually monitored from their first appearance in early May until their departure from nesting sites in August or September. To minimize the possibility of nest desertion, attachment of the transmitters was delayed until female owls were in late stages of incubation, estimated as midJune in this area.
During daylight, transmitter signals were used to visually locate owls. Once located, all owls on a study area were observed with binoculars or a 20x spotting scope. At night, radio-tagged owls were located by triangulating from 2 signals and plotted on 1:20,000 photo maps. One observer recorded both locations with the mobile telemetry unit from stations 0.4 km apart within 3 minutes. A moving owl could be de-tected by changes in signal strength and direction, and we ensured it was stationary before determining its position. Owl locations were determined every 15-120 minutes depending upon the owl's activity and the weather conditions. We attempted to obtain a minimum of 3 nocturnal and 3 diurnal monitoring periods each week of >2 hours for all radio-tagged owls. Up to 3 owls could be monitored during a nocturnal telemetry period, although normally only 2 owls were monitored at 1 time. Attempts to achieve the same number of observations for all owls were confounded by weather conditions and occasional equipment failures.
Regurgitated pellets, small mammal populations (Haug 1985) , and grasshopper numbers (M. K. Mukerji, Agric. Canada, pers. commun.) were monitored on the study areas to assess food habits and availability in relation to owl movements and activity periods.
We defined the home range of an adult male owl as the area used for foraging, roosting, nesting, and raising young, from the first appearance of male owls at their nest burrows until dispersal. Size of home ranges was determined using the minimum convex polygon technique (Jennrich and Turner 1969) after first plotting all visual and telemetry locations for each male owl. Activity patterns were evaluated using visual observations and telemetry data. Because daytime observations demonstrated that the area within a 50-m radius of nest burrows was used primarily for roosting and loafing, all telemetry locations and areas of habitat within 50 m of nest burrows were excluded from analyses of foraging habitat use. This avoided a bias toward the nesting habitat type. Accurate determination of the distance between owls and their burrows was possible because all nest burrows were <100 m from roads.
Cover types on the study areas were mapped based on current and past agricultural activity and vegetation composition. Habitat use was determined by comparing observed versus expected numbers of locations in each habitat type through Chi-square analysis and the Bonferroni normal statistic (Neu et al. 1974) . We assumed that all owl locations were random.
Tame pasture was defined as a grazed area that had been tilled and planted to domesticated grasses and forbs such as crested wheatgrass (Agropyron cristatum), brome grass (Bromus spp.), and alfalfa (Medicago sativa). Native pasture was a grazed area dominated by mixed grass prairie (Coupland and Rowe 1969) in which the major grass species were spear grasses (Stipa spp.), June grass (Koeleria cristata), wheatgrasses (Agropyron spp.), and blue grama grass (Bouteloua gracilis). Grass-forb areas included road and railway rights-of-way, hayland, ungrazed pasture, and uncultivated areas. These areas were lumped together because of similar vegetation height (>30 cm) and density. Plant species common to these areas were the domestic grasses previously described, thistles (Sonchus spp., Cirsium spp.), clovers (Melilotus spp.), and a variety of species from the mustard (Cruciferae) family.
A nesting attempt was defined as any pair of owls that selected a burrow and appeared to initiate egg laying. A nest was considered successful when >1 young was raised to fledging. No information was gathered regarding clutch size or hatching success. Productivity estimates were based upon the maximum number of young observed at nest burrows. 
RESULTS

Study
Home-Range Characteristics
As owls were not tracked continuously, the home ranges of the 6 radio-tagged owls are considered minimum breeding home ranges (Figs.  1-3) . From the 1982 telemetry data, the largest biweekly home ranges were evident during the last 2 weeks in June or the first 2 weeks in July and decreased thereafter. Maximum home-range size (Table 1) 
Activity Patterns
Diurnal observation periods demonstrated that male owls foraged at all hours of the day but spent most of the daylight hours roosting or loafing within 50 m of the nest burrow and/or satellite burrows. They were occasionally seen foraging for insects farther than about 50 m, but they were never seen to travel farther than 250 m from the nest burrow during the day (Fig. 4) . Adult owls were never observed foraging for or carrying small mammals during the day.
Peak activity hours, as determined by flights >50 m from nest burrows, occurred between 2030 and 0630 hours. Males became more active, frequently engaging in long-distance flights and hovering, suggestive of foraging for small mammals. Most of this activity began within 1 hour of sunset and ended at sunrise (Fig. 4) . In 1982, 95% of all owl locations were within 600 m of nest burrows (range = 0-2,700 m).
Foraging Habitat Use
When all locations 550 m from nest burrows were eliminated from analysis, 5 of the 6 radiotagged owls exhibited significant preference or avoidance of particular habitats during foraging as determined by Chi-square analysis and the Bonferroni normal statistic. With 1 exception, all owls selected grass-forb areas for foraging (Table 2) areas were used more than expected by chance alone. Crop and native pasture were generally avoided in comparison to their occurrence within home ranges. Selection for wetlands and summerfallow was generally in proportion to availability (Table 2) The results of our study indicate male owls were predominantly nocturnal and flew long distances to find food during darkness. From the time the young hatched until their independence, the adults were also observed foraging for insects within 250 m of the nest burrows during daylight hours.
Activity patterns of the owls also reflected activity patterns of their prey. During May and June, a preponderance of small mammals was taken as determined by pellet analyses (Haug 1985) . Although the owls were not radiotagged at this time, visual observations showed roosting and loafing during daylight hours with long distance flights (>250 m) beginning at sunset. As the number of grasshoppers increased during July and August, diurnal foraging was observed near nest burrows with a corresponding decrease in nocturnal flights. However, the owls continued some nocturnal foraging for small mammals throughout the breeding season.
As the young developed hunting skills, the diurnal and nocturnal activity of the adults was reduced. They were increasingly observed roosting and loafing near the nest burrows.
Limited information exists regarding foraging habitat of burrowing owls. Butts (1973) found owls in Oklahoma foraged extensively in wheat fields that supported substantial rodent populations. He believed owls ate rodents during early spring before insects became numerous. Gleason (1978) also found that nesting owls in Idaho used agricultural areas supporting montane voles (Microtus montanus).
We found that crop areas were avoided by radio-tagged owls. Snap-trapping results suggested crop areas did have the greatest densities of deer mice (Peromyscus maniculatus) and voles (Microtus spp.), the major mammalian prey items as determined by pellet analyses (Haug 1985) . The avoidance of crop areas by adult owls may have reflected prey availability rather than absolute density. Bechard (1982) found the vegetative concealment of prey more important than total prey biomass in the selection of foraging sites by Swainson's hawks (Buteo swainsoni). Avoidance of cropland may also have reflected the owls' tendency to prey heavily upon grasshoppers that were predominantly found in rights-of-way and uncultivated areas, the areas most extensively used by radio-tagged owls.
The use of agriculture areas during May and June may have been underestimated because of the delayed radiotagging of the adult males. Rich (1986) reported a positive correlation between the number of voles in burrowing owl pellets and the amount of farmland within 1 km of occupied nest burrows. Scott (1940) estimated land use within a 0.4-km radius of 3 nest burrows in Iowa and concluded the habitat most often used was the pasture with the nest burrow. Konrad and Gilmer (1984) concluded that the observed preference for closely cropped pasture for nesting appeared to be related to increased visibility for hunting. During our study, grazed pastures were avoided for foraging in relation to their abundance. Because of overgrazing by livestock, all pasture areas probably lacked cover for small mammals and food for grasshoppers. The prey items most often observed in these areas were dung and carrion beetles (Coleoptera).
MANAGEMENT IMPLICATIONS
Our study indicated burrowing owls will breed on small parcels of pasture with an adequate supply of nest burrows, but prefer to forage in areas of denser vegetation where greater densities of prey species occur. The preferred nesting habitat requirements of short grass, open sites, and burrow availability (Zarn 1974 
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